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Production of hydrocarbon derivatives.

@ An improved process is provided for the production of a hydrocarbon derivative by the vapour phase
reaction of a hydrocarbon with an oxygen-containing gas in the presence of a suitable catalyst in a
reactor 2 to produce a flammable gaseous product stream comprising the desired derivative, unreacted
hydrocarbon, oxygen, carbon monoxide and carbon dioxide. In the improved process, a cooled or
liquefied inert gas is injected through line 22 as a quench fluid into the gaseous product stream exiting
the hydrocarbon oxidation reactor 2, thereby cooling the stream to a temperature below the autoigni-
tion temperature of the flammable components of the stream, the hydrocarbon derivative is recovered
from the gaseous product in a scrubber 8, and unreacted hydrocarbon is removed from the gaseous
product in a separator 16 and recycled via line 20 to the reactor 2. Examples of hydrocarbon derivatives
that can be prepared include maleic anhydride, phthalic anhydride, acrylonitrile, ethylene oxide,
propylene oxide, vinyl chloride and ethylene dichloride. In the example of acrylonitrile, ammonia is used
as an additional reactant in the vapour phase in reactor 4, and in the example of vinyl chloride or
ethylene dichloride, hydrogen chloride is used as such an additional reactant.
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The present invention relates to a process and apparatus for producing a hydrocarbon derivative
(petrochemical) from a hydrocarbon and an oxygen-containing gas in the presence of a suitable catalyst, and
more particularly to reducing or eliminating the hazard of an explosion or fire in a vapour phase reactor system
in which a hydrocarbon derivative is produced from a hydrocarbon and oxygen.

Many petrochemical products are produced by the oxidation of an appropriate hydrocarbon in the vapour
phase over a suitable catalyst. For example, maleic anhydride is produced commercially by the vapour phase
oxidation of benzene or straight-chain C4 hydrocarbons (hydrocarbons containing four carbon atoms), such as
n-butane, butene or butadiene, with oxygen over a vanadium-phosphorus oxide catalyst. Similarly, unsaturated
nitriles are produced by the ammoxidation of a saturated or olefinically unsaturated hydrocarbon with oxygen
in the presence of ammonia and an appropriate catalyst; alkylene oxides are produced by the oxidation of lower
alkanes or alkenes with oxygen in the presence of an appropriate catalyst; and unsaturated chlorinated hyd-
rocarbons are produced by the oxidation of lower alkanes or alkenes with oxygen in the presence of an approp-
riate catalyst. Air is generally used as the source of the oxygen because of its low cost and ready availability.
The reaction can be carried out in any suitable reactor, such as a fixed, fluidised or transport bed reactor, and
it produces the petrochemical product, and generally carbon monoxide (CO), carbon dioxide (CO,), water, and
smaller amounts of other partially oxidised by-products. The reaction equipment train generally consists of a
reactor, in which the desired product is produced, a petrochemical recovery unit such as a scrubber, in which
the product is recovered from the reactor effluent gases by means of water or other solvent for the desired pro-
duct, and means for further treating the scrubbed effluent gases.

In the past it was common to practise the above-described processes on a single pass basis with the con-
version of hydrocarbon being maximised. This often resulted in a low overall efficiency, since the selectivity to
the desired product may have been below the maximum. Consequently, the product-depleted effluent gas con-
tained, in addition to unreacted hydrocarbon, considerable amounts of CO and CO,. These products were usu-
ally incinerated, so that the only return realised from them was heat value. In later processes a portion of the
product-depleted effluent gas was recycled, the conversion of the hydrocarbon feedstock was lowered and the
selectivity of hydrocarbon conversion to desired products was maximised. The remainder of the effluent was
purged from the system to prevent the build-up of CO, CO, and nitrogen (introduced into the system when air
is used as the source of oxygen). These improvements resulted in a reduced "per pass" conversion but the
overall efficiency of the process was increased.

DE-A-25 44 972 discloses a maleic anhydride manufacturing process in which the reactor feed comprises
C,4 hydrocarbons, air, CO and CO.. In the process of this patent maleic anhydride is recovered from the reactor
effluent gas stream and a portion of the remaining stream is recycled. DE-A-25 44 972 also teaches recovering
butane by temperature swing adsorption from the non-recycled gas stream and recycling the recovered butane
to the reactor.

A major problem associated with the gas phase production of a petrochemical by the oxidation of hydrocar-
bons with oxygen is that since the reaction is carried out at elevated temperatures, there is an ever-present
danger of a fire or an explosion in the reactor, or the equipment or pipelines associated with the reactor, as a
result of the decomposition of unreacted hydrocarbons. The propensity of the hydrocarbons to decompose is
enhanced by the presence of catalyst, and the tendency toward decomposition is particularly enhanced in fluid-
ised bed or transport bed reactors. Accordingly, efforts are constantly made to maintain conditions in the reactor
and associated equipment such that the mixture remains outside of the flammability range, or at least out of
the autoignition range.

US-A-3,904,652 discloses a gas phase maleic anhydride manufacturing process in which oxygen is used
as the oxidising gas and an inert gas, such as nitrogen, argon, helium or a lower hydrocarbon is fed into a fixed
bed reactor with the n-butane and oxygen, the inert gas serving as a diluent to reduce the concentrations of
oxygen and butane in the reactor to below the point at which they form a flammable mixture. In the disclosed
process, a portion of the gaseous effluent, which contains, in addition to butane, carbon monoxide, carbon
dioxide and the inert gas, is recycled.

US-A-4,352,755 discloses a recycle process for the vapour phase manufacture of maleic anhydride by
reacting a straight-chain C4 hydrocarbon with oxygen in the presence of CO.. In the process disclosed in this
patent the gaseous mixture may contain up to 30 volume percent of carbon dioxide as the inert diluent and
contains at least 25 volume percent C4 hydrocarbon. This patent states that at most 2% v/v and more preferably
at most 1% v/v of carbon monoxide is present in the oxidation stage. In the process of this patent, the presence
of large amounts of C, hydrocarbon can render the gas mixture in the system flammable, especially in the region
of the reactor outlet.

As is well known, under a given set of conditions, including composition and pressure, the flammability and
autoignitability of a gaseous hydrocarbon-oxygen mixture is dependent upon, inter alia, the temperature of the
gaseous mixture. At low temperatures, the gaseous mixture may have a relatively small flammability range,
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but as the temperature of the mixture rises, its flammability range increases. For instance, at low temperatures
(lower than about 300°C) the mixture may not be autoignitable. However, as the temperature rises, a point is
eventually reached at which the mixture becomes autoignitable. When this point is reached, the mixture will
ignite and burn or explode, which event can result in damage to equipment and serious injury or death to per-
sons in the vicinity of the fire or explosion.

A feed mixture entering the oxidation reactor of a vapour phase petrochemical manufacturing plant may
have a composition that, at higher temperatures, would render it self-ignitable. The reaction occurring in the
reactor upon contact of the feed mixture with the catalyst often raises the temperature of the mixture to the
point at which it would ordinarily ignite, however the mixture usually does not ignite in the reactor, apparently
because the catalyst suppresses ignition of the mixture. On the other hand, since very little, if any, catalyst is
entrained in the hot product gas stream leaving the reactor, it often happens that the gas stream leaving the
reactor is subject to self-ignition. To prevent such an occurrence, the mixture leaving the reactor is con-
ventionally rapidly cooled by heat exchange to a temperature below its autoignition point. It sometimes hap-
pens, however, that the reactor exit heat exchanger fails to cool the product gas stream rapidly enough to
prevent it from igniting, and a devastating and costly fire occurs.

Because of the considerable danger of injury to personnel and damage to equipment, efforts to find new
and improved ways to eliminate or reduce the hazard of fire or explosion in chemical plants are continuously
made. The present invention provides a method and apparatus operable to reduce the likelihood of a fire or
explosion in a plant for the vapour phase manufacture of petrochemicals.

According to the presentinvention there is provided a process for the production of a hydrocarbon derivative
comprising:

(a) contacting in the vapour phase in a reaction zone a hydrocarbon with an oxygen-containing gas in the

presence of an oxidation catalyst under conditions which produce a gaseous product containing the desired

hydrocarbon derivative;

(b) quenching said gaseous product with an inert gas quench fluid;

(c) recovering the hydrocarbon derivative from said gaseous product;

(d) separating unreacted hydrocarbon from the gaseous product; and

(e) recycling the separated unreacted hydrocarbon to said reaction zone.

The invention also provides for performing such method, apparatus comprising:

(a) reactor means for oxidising a hydrocarbon with oxygen to produce a gaseous product stream containing

the desired hydrocarbon derivative and unreacted hydrocarbon;

(b) means for introducing an inert gas quench fluid into said gaseous product stream downstream of said

reaction zone;

(c) means for recovering said petrochemical from said quenched gaseous product stream to produce a

liquid product stream containing said hydrocarbon derivative and a gas stream depleted of said hydrocar-

bon derivative containing unreacted hydrocarbon;

(d) means for removing unreacted hydrocarbon from said gas stream depleted of hydrocarbon derivative;

and

(e) means for recycling said separated unreacted hydrocarbon to said reactor means.

A cooled or liquefied inert gas may be used as the quench fluid in order rapidly to cool the stream to below
its autoignition point.

In some examples of the process according to the invention, one or more hydrocarbons, such as o-xylene,
naphthalene, benzene or saturated or unsaturated straight-chain hydrocarbons containing four carbon atoms
are contacted with an oxygen-containing gas in a suitable oxidation reactor to produce a gaseous product
stream containing the hydrocarbon derivative, e.g. a cyclic anhydride, such as phthalic anhydride or maleic
anhydride, the specific petrochemical product produced depending upon which hydrocarbon or hydrocarbons
are reacted, the particular catalyst used and, in some cases, the presence of other reactants, e.g. ammonia or
hydrogen chloride. The hydrocarbon oxidation reactor product stream typically also contains carbon monoxide
and carbon dioxide, and generally unreacted hydrocarbon(s), oxygen, inert diluents introduced into the reactor,
if any, and possibly small amounts of other reaction by-products. As or shortly after the hot gaseous product
stream leaves the oxidation reaction zone, a quench fluid comprising cooled or liquefied inert gas is preferably
injected into the stream to cool it rapidly to below the autoignition temperatures of its flammable components.
The cooled product stream can be further cooled in a heat exchanger, if desired, and it is then introduced into
a hydrocarbon derivative removal means, which, for example, may be a condenser or a scrubber in which it is
contacted with a liquid solvent which removes substantially all of the hydrocarbon derivative from the gas
stream. The hydrocarbon derivative is recovered from the product removal means as a liquid. All or a portion
of the gaseous stream depleted of hydrocarbon derivative is then treated in a separator which typically removes
substantially all of the injected inert gas, some or all of the carbon dioxide and some or all of the carbon mono-
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xide in the gaseous effluent stream. The remainder of the gaseous effluent, comprising of unreacted hydrocar-
bon and possibly carbon dioxide and carbon monoxide is recycled to the inlet to the hydrocarbon oxidation reac-
tor.

In one example of the invention, the inert gas quench fluid is provided from an external source. In an alter-
native example, expended quench fluid is separated from the petrochemical-depleted gas stream and used as
the quench stream.

In a preferred example of the process according to the invention the oxygen-containing gas is substantially
pure oxygen. In another preferred example, the unreacted hydrocarbon and inert gas are removed from the
gas stream depleted of hydrocarbon by adsorption, absorption or membrane separation.

One example of an apparatus according to the invention comprises a hydrocarbon reactor, a quenching
fluid introduction means, a hydrocarbon derivative recovery unit, such as a scrubber or a condenser, an unreac-
ted hydrocarbon and inert gas separator and connecting conduits. Another example comprises a hydrocarbon
reactor, a quenching fluid introduction means, a hydrocarbon derivative recovery unit, a separator and an inert
gas recycle line in which is located a gas cooling or liquefying unit. In each example, the quench fluid introduc-
tion means is located downstream of the reaction zone, and is preferably located at the outlet of the oxidation
reactor.

Processes and apparatuses according to the invention will be described by way of example with reference
to the accompanying drawings, in which:

Fig. 1 illustrates, in a block diagram, one embodiment of a system for producing a hydrocarbon derivative
in accordance with the present invention.

Fig. 2 illustrates, in a block diagram, an alternative embodiment of the system illustrated in Fig. 1.

The process of the invention can be used for the manufacture of any hydrocarbon derivative that is pro-
duced by the gas phase reaction at elevated temperatures of a hydrocarbon with oxygen. Typical petrochemical
manufacturing processes in which the invention can be employed are:

a) The manufacture of cyclic anhydrides by the reaction of aromatic compounds or straight-chained C, hyd-

rocarbons with oxygen in the presence of a vanadia-based catalyst. Examples include the production of

maleic anhydride by the reaction of benzene or a saturated or unsaturated C, hydrocarbon with oxygen
and the manufacture of phthalic anhydride by the reaction of o-xylene or naphthalene with oxygen.

b) The manufacture of an olefinically unsaturated nitrile by the reaction of lower alkanes or alkenes with

oxygen and ammonia in the presence of a bismuth molybdenum oxide catalyst or an iron antimony oxide

catalyst mounted on a silica or alumina support. Examples of this type of process include the reaction of
propane or propylene with oxygen to produce acrylonitrile and the reaction of i-butane or i-butylene with
oxygen to produce methacrylonitrile.

¢) The manufacture of alkylene oxides by the reaction of lower alkanes or alkenes with oxygen and

ammonia in the presence of a silver oxide catalyst mounted on a silica or alumina support. Examples

include the reaction of ethane or ethylene with oxygen to produce ethylene oxide and the reaction of pro-
pane or propylene with oxygen to produce propylene oxide.

d) The manufacture of chlorinated hydrocarbons by the reaction of lower alkanes or alkenes with oxygen

in the presence of a copper chloride catalyst supported on silica or alumina. Examples include the reaction

of ethylene or ethane with hydrogen chloride to produce vinyl chloride or ethylene dichloride.

As is apparent from the above examples, the process of the invention can be used for the manufacture of
various hydrocarbon derivatives by the reaction of hydrocarbons with oxygen. However, for the purpose of sim-
plifying the description, the invention will be described in detail as it applies to the manufacture of cyclic anhyd-
rides by the reaction of hydrocarbons with oxygen.

The particular hydrocarbon used in the feed will, of course, depend upon which hydrocarbon derivative is
to be produced. In the case of cyclic anhydrides the hydrocarbon reactant is usually an aromatic or straight-
chain hydrocarbon. For example, if it is desired to produce phthalic anhydride, the hydrocarbon feed is prefer-
ably o-xylene or naphthalene, and if maleic anhydride is desired, the hydrocarbon feed generally comprises
benzene or straight-chain hydrocarbons containing four carbon atoms (C4 hydrocarbons). n-Butane is the most
preferred hydrocarbon for maleic anhydride manufacture because it is less expensive than the unsaturated C,
hydrocarbons.

The oxygen source used in the process may be pure oxygen or oxygen-containing gases, such as oxy-
gen-enriched air or other oxygen-inert gas mixtures. By oxygen-enriched air is meant air that contains more
oxygen than is naturally present in air. Oxygen-inert gas mixtures include oxygen-nitrogen mixtures, oxygen-
argon mixtures, oxygen-carbon dioxide mixtures, etc. Pure oxygen is preferred since its use avoids the intro-
duction of excess inert gases, such as nitrogen and argon, into the system and the subsequent need to remove
excess quantities of these inert gases from the product gas stream to prevent their build-up in the system.

The inert gas used as the quench fluid can be any inert gas, i.e. any gas that will not interfere with the pro-
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duction of the desired product or which is not flammable under the conditions existing in the reaction system
of the invention. Typical of the inert gases that are suitable for use as quench fluids in the process of the inven-
tion are carbon dioxide, nitrogen, argon, etc. From a practical standpoint the preferred inert gases are carbon
dioxide and nitrogen, since these are inexpensive and readily available. Carbon dioxide is particularly desirable
because it has a relatively high heat capacity and, since it is produced as a by-product of the process of the
invention, it is available in abundant supply in the waste gas stream, from which it can be easily separated.
Mixtures of inert gases can be used as the quench fluid, if desired.

The inert gas quench fluid can be in the form of a gas or a liquefied gas and it may be cooled to any desired
temperature. It is often preferred to use a liquefied gas as the quench fluid because of its greater cooling effect.

In the accompanying drawings, in which the same reference numerals are used to designate the same or
similar pieces of equipment in different figures auxiliary equipment, including compressors, heat exchangers
and valves not necessary for an understanding of the invention, have been omitted to simplify discussion of
the invention.

Considering first Fig. 1, the apparatus of this embodiment includes a hydrocarbon oxidation reactor 2 hav-
ing afeed inletmeans 4 and a product outlet line 6. Product outlet line 6 is connected to a hydrocarbon derivative
recovery unit 8. Unit 8 receives a solvent for the hydrocarbon derivative through inlet line 10 and discharges
a liquid product solution through outlet line 12. Line 14 conducts scrubbed gas from scrubber 8 to separator
16. Separator 16 is provided with a waste gas discharge line 18, and it is also connected via recycle line 20 to
feed inlet means 4. Line 22 is connected to product outlet line 6 and provides for the introduction of the inert
gas quench fluid into line 6.

Reactor 2 may be any suitable reactor but it is usually of the fixed, moving, fluidised, or transport catalyst
bed design. Reactor 2 may be equipped with heat exchange means (not shown) to remove heat developed in
the reaction, which is exothermic. The specific design details of suitable reactors are well known and they form
no part of the present invention.

Hydrocarbon derivative recovery unit 8 may be a conventional gas scrubber, i.e. an absorber, usually of
the packed bed design, or it may be a condenser or other appropriate product recovery unit. It is here illustrated
as equipped with means for spraying water or an aqueous or non-aqueous liquid on the product gas entering
this unit from reactor 2.

Separator 16 serves to remove carbon dioxide, carbon monoxide, if this component is present in the gas
stream entering separator 16, and other inert gases from the scrubber effluent, and this unit can be any device
which will accomplish this result. Separator 16 is usually an adsorber, an absorber or a membrane separation
unit. In preferred embodiments of the invention, separator 16 is a pressure swing adsorption (PSA) unit or a
temperature swing adsorption (TSA) plant.

Fig.2 illustrates a variation of the system of Fig. 1. In the system of Fig. 2, the inert gas used as a quench
fluid is recovered from the scrubbed gas stream and, after being cooled and perhaps liquefied, it is reintroduced
into product gas line 6 as quench fluid. As shown in Fig. 2, scrubbed gas line 14 communicates with separator
16a. Similarly to the system of Fig. 1, separator 16a communicates with feed line 4 via line 20 and with a waste
gas vent via line 18. The system of Fig. 2 differs from the Fig. 1 system in that the former contains a second
recycle stream which leaves separator 16a through line 24 and connects to cooling or liquefication unit 26. Line
26 communicates with line 22 through discharge line 28.

Separator 16a may comprise a single separation means that is capable of separating a multicomponent
gas stream into three streams, such as a PSA unit that produces an unadsorbed product stream and two adsor-
bed streams which are separately desorbed. Alternatively, separator 16a may comprise two or more individual
separation units, each of which is capable of separating a gas mixture into two or more components. Unit 26
may be any suitable device that is capable of simply cooling the inert gas to the desired temperature or cooling
and condensing the inert gas. For example, unit 26 may comprise a heat exchanger or a compressor and chilling
device suitable for liquefying the inert gas and cooling the liquefied gas to the desired temperature.

Although not illustrated in the drawings, the systems of Figs. 1 and 2 may include a carbon monoxide oxi-
dation unit to convert the carbon monoxide generated in reactor 2 to carbon dioxide. This unit can be conve-
niently located between scrubber 8 and separator 16, in the system of Fig. 1, and between scrubber 8 and
separator 16a, in the system of Fig. 2. The advantage of including a carbon monoxide oxidation step into the
process of the invention is that it eliminates carbon monoxide from the gas stream entering separator 16 or
16a, thereby simplifying the gas separation process.

The specific details of the equipment units shown or described in this disclosure, including separators 16
and 16a and cooling or condensing unit 26, are well known and form no part of this invention.

In the process of the invention as practised in the Fig. 1 system, feed, comprising a suitable hydrocarbon,
an oxygen-containing gas and the recycle gas stream enters reactor 2 through inlet means 4, which may com-
prise a single inlet line through which a mixture of the gaseous reactants and diluents, if any are present, are
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introduced into reactor 2, or it may comprise several individual inlet lines for separately introducing the reactants
into the reactor. The particular inlet arrangement will generally depend upon the type of reactor used for prac-
tising the invention. In fixed bed reactor systems the components of the feed are generally mixed before they
enter the reactor and are thus fed into the reactor through a single line, whereas in fluidised bed reactor systems,
the components are usually separately fed into the reactor.

The feed gases entering reactor 2 contact the catalyst and react to form the product gases. Any of the well
known catalysts for oxidising hydrocarbons to the desired hydrocarbon derivative under the specified conditions
can be used in the process of the invention. In the case of cyclic anhydride production, suitable catalysts include
vanadia-based catalysts, such as vanadium oxides, vanadium/molybdenum oxides, vanadium/phosphorus
oxides and vanadium/titanium oxides. These catalysts and their use are conventional and well known to those
skilled in the manufacture of anhydrides. The specific hydrocarbon oxidation catalysts used in the process of
the invention do not form a critical part of the invention.

The conditions of the hydrocarbon oxidation are well known and form no part of the invention. Typically,
the oxidation reaction is conducted at a temperature of from about 200° to 600°C, and usually from about 250°
to 500°C, and at pressures typically in the range of from about 2 to 500 psig, and usually from about 3 to 300
psig. The reactants are generally passed through the reactor at a velocity in the range of from about 0.5 to 5.0
ft/sec. The ratio of oxygen to hydrocarbon in the feed is suitably in the range of 0.3:1 to 10:1 by volume.

The product gas stream leaving reactor 2 contains the desired petrochemical as the main product, and car-
bon dioxide and carbon monoxide as by-products. As noted above, the product stream generally also contains
unreacted hydrocarbon and oxygen, and may contain small amounts of other by-products, impurity gases and
nonreactive hydrocarbons. The hot product gas stream leaves reactor 2 via line 6 and rapidly comes into contact
with the quench fluid entering line 6 from line 22. As indicated above, the inert gas is preferably in the liquefied
state since significantly greater amounts of heat can be removed from the product gas per mole of inert gas
using liquefied gas than when using a cooled inert gas because of the latent heat of evaporation required to
vaporise the inert gas, and accordingly, small molar quantities of liquefied gas can provide as much cooling as
considerable larger molar quantities of cooled gas. In any event, the product gas is quickly cooled to a tem-
perature below its self-ignition point as a result of such contact. The product gas can be further cooled, if desired,
by passage through an indirect heat exchanger (not shown).

After being cooled to a temperature in the range of about 30 to about 200°C., the product gas stream enters
product recovery unit 8, in which the hydrocarbon derivative is removed from the gas stream. In recovery unit
8 the product gases are intimately contacted with a solvent. The solvent dissolves substantially all of the desired
petrochemical in the product gas stream and the hydrocarbon derivative containing solution exits product recov-
ery unit 8 vialine 12. It is usually further treated to recover the petrochemical product. The scrubbed gas stream
leaves recovery unit 8 through line 14 and enters separator 16.

As indicated above, separator 16 is preferably a PSA or TSA plant. Typically, a PSA plant may comprise
two or more beds operated in a cyclic process comprising adsorption under relatively high pressure and desorp-
tion or bed regeneration under relatively low pressure or vacuum. Similarly, a TSA plant may comprise two or
more beds operated in a cyclic process comprising adsorption at a relatively low temperature and desorption
or bed regeneration at a relatively high temperature. The desired component or components may be obtained
during either of these stages. The cycle may contain other steps in addition to the fundamental steps of adsorp-
tion and regeneration, and it is commonplace to have two or more adsorbent beds cycled 180° out of phase to
assure a pseudo continuous flow of desired product. While it is conventional for the adsorption step of a PSA
cycle to be carried out under pressure, it can run at ambient pressure with desorption under vacuum.

In the system illustrated in Fig. 1, a principal function of separator 16 is to separate unreacted hydrocarbon
from the product gas stream for recycle to the reactor, so that the process can be optimised. Separator 16 also
serves to remove excess carbon dioxide, carbon monoxide and inert gases (if present) from the stream being
recycled to the reactor to prevent the build-up of these components in the system. If excess carbon dioxide
and other waste gases are not removed, their concentrations in the system will increase and eventually dilute
the reactants to the point at which an efficient reaction cannot take place. To avoid this problem, it is only neces-
sary to remove amounts of carbon dioxide and the other waste gases equal to the amounts produced in reactor
2 and/or added to the system.

In the process of the invention as practised in the system of Fig. 2, the gaseous effluent from product recov-
ery unit 8 is treated in hydrocarbon separator 16a. Separator 16a differs from separator 16 of Fig. 1 only in that
it separates the product-depleted gas into three streams. A first stream leaves separator 16a through line 20
and it contains substantially all of the unreacted hydrocarbon entering separator 16a. A second stream, com-
prised substantially of recovered inert gas, leaves separator 16a through line 24. Line 24 joins separator 16a
to a gas cooling or gas liquefication unit 26. Unit 26 discharges cooled or liquefied gas to line 28, which is con-
nected to line 22 through which it is reintroduced as a quench fluid into the hot gaseous product stream exiting
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reactor 2. A third stream leaving separator 16a contains all of the gases that are not discharged through lines
20 and 24. This stream, which is comprised substantially of waste gases, leaves separator 16a through line
18 and is either vented to the atmosphere or burned.

It will be appreciated that it is within the scope of the present invention to utilise conventional equipment
to monitor and automatically regulate the flow of gases within the system so that it can be fully automated to
run continuously in an efficient manner.

The process of this invention is advantageous in its simplicity, ease of operation, low capital and operating
costs and substantially reduced flammability potential. The process can be run at a relatively low per pass con-
version of the feed hydrocarbon to the desired product to achieve substantially improved selectivity. It will be
appreciated that a system that achieves enhanced selectivity, and hence increased overall yield of a desired
product, is highly advantageous.

The invention is further illustrated by the following examples in which parts, percentages and ratios are on
a volume basis.

EXAMPLE |

A vapour phase maleic anhydride production run was simulated in a fluidised bed reactor based on the
use of a reactor system similar to the system of Fig. 1. The simulated feed to the hydrocarbon reactor comprises
a Fresh Feed component and a Recycle Stream component. The reaction is simulated based on the use of a
vapour phase hydrocarbon reactor containing a fluidised catalyst bed of vanadium phosphorous oxide and a
pressure swing adsorber containing a molecular sieve adsorption bed. During the course of the simulated run,
it is determined that 108.4 moles of liquefied carbon dioxide should be added to the effluent from the reactor
to achieve the desired result. The various flow rates and projected results are tabulated in TABLE I.
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EXAMPLE Il

The simulated run of EXAMPLE | is repeated except that liquefied nitrogen is substituted for the liquefied
carbon dioxide as the quench fluid. It is determined that 241.9 moles of liquefied nitrogen should be added to
the reactor effluent to achieve the desired result. The various flow rates and projected results are tabulated in
TABLE II.
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Although the invention has been described with particular reference to specific experiments, these experi-
ments are merely exemplary of the invention, and variations are contemplated. For example, the reaction can
be carried out under conditions that will effect the production of other hydrocarbon derivatives, as noted above.
Other catalysts and adsorbents and other means of gas separation can also be used in the invention, if desired.
It is emphasised that the particular oxidation reaction being carried out in the process of the invention is not
critical to the invention. What is important is that the reaction is one in which a potentially flammable or explosive
oxygen-containing mixture leaves the reactor at a temperature which, in the absence of the invention, would
constitute an extremely hazardous condition. The use of the invention greatly reduces the danger of a fire or
an explosion.

It is also understood that the invention is not limited to the equipment arrangement illustrated in the draw-
ings. As noted above, a carbon monoxide converter may be incorporated into the equipment train and it may
be positioned between the scrubber 8 and separator 16 (or separator 16a) or it may be positioned upstream
of the anhydride recovery unit 8, if desired. In fact, it may even be incorporated into reactor 2, either combined
with the hydrocarbon oxidation catalyst in the form of a unitary mixed catalyst bed, or alone as a separate bed.
If it is incorporated into reactor 2 as a separate bed, it is preferably located downstream of the hydrocarbon
oxidation catalyst bed. It can be appreciated that the arrangement of the connecting fluid transfer lines for this
version of the invention will be different from the arrangement illustrated in the drawings.

Claims

1. A process for the production of a hydrocarbon derivative comprising:

(a) contacting in the vapour phase in a reaction zone a hydrocarbon with an oxygen-containing gas in the

presence of an oxidation catalyst under conditions which produce a gaseous product containing the desired

hydrocarbon derivative;

(b) quenching said gaseous product with an inert gas quench fluid;

(c) recovering the hydrocarbon derivative from said gaseous product;

(d) separating unreacted hydrocarbon from the gaseous product; and

(e) recycling the separated unreacted hydrocarbon to said reaction zone.

2. A process according to claim 1, wherein said derivative is:

a) a cyclic anhydride and said hydrocarbon is benzene, naphthalene, ortho-xylene, or a straight-chain hyd-

rocarbon containing four carbon atoms; or

b) an alpha, beta olefinically unsaturated nitrile and said hydrocarbon is one or more of propylene, propane,

isobutylene, and isobutane; or

¢) an alkylene oxide containing from 2 to 4 carbon atoms and said hydrocarbon is one or more of ethylene,

ethane, propane and propylene; or

d) a chlorinated hydrocarbon and the hydrocarbon is one or more of ethylene, ethane, propane and pro-

pylene.

3. A process according to claim 1 or claim 2, wherein said derivative is:

i) maleic anhydride and said hydrocarbon is n-butane; or

ii) phthalic anhydride and said hydrocarbon is ortho-xylene; or

i) acrylonitrile and said hydrocarbon is one or both of propane and propylene; or

iv) methacrylonitrile and said hydrocarbon is one or both of isobutylene and isobutane; or

v) ethylene oxide and said hydrocarbon is one or both of ethylene and ethane; or

vi) propylene oxide and said hydrocarbon is one or both of propylene and propane; or

vii) vinyl chloride or ethylene dichloride and the hydrocarbon is one or both of ethylene and ethane.

4. A process according to any one of claims 1 to 3, wherein said derivative is an alpha, beta olefinically
unsaturated nitrile and ammonia is present in said vapour phase, or said derivative is a halogenated hydrocar-
bon and hydrogen chloride is present in said vapour phase.

5. A process according to any one of the preceding claims, wherein said quench fluid is selected from car-
bon dioxide and nitrogen.

6. A process according to any one of the preceding claims, wherein said quench fluid is liquefied gas.

7. A process according to any one of the preceding claims, wherein said gaseous product is quenched with
recycled quench fluid that is separated from said gaseous product.

9. A process according to any one of the preceding claims, wherein the unreacted hydrocarbon is separated
from said gaseous product by pressure swing or other adsorption method, absorption or membrane separation.

10. Apparatus for performing a method according to any one of the preceding claims comprising:

(a) reactor means for oxidising a hydrocarbon with oxygen to produce a gaseous product stream containing

11
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the desired hydrocarbon derivative and unreacted hydrocarbon;

(b) means for introducing an inert gas quench fluid into said gaseous product stream downstream of said
reaction zone;

(c) means for recovering said petrochemical from said quenched gaseous product stream to produce a
liquid product stream containing said hydrocarbon derivative and a gas stream depleted of said hydrocar-
bon derivative containing unreacted hydrocarbon;

(d) means for removing unreacted hydrocarbon from said gas stream depleted of hydrocarbon derivative;
and

(e) means for recycling said separated unreacted hydrocarbon to said reactor means.

12
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